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CASE STUDY
Targeting vivax malaria in the Asia 
Pacific: The Asia Pacific Malaria Elimination 
Network Vivax Working Group
The Vivax Working Group*
Abstract 
The Asia Pacific Malaria Elimination Network (APMEN) is a collaboration of 18 country partners committed to elimi-
nating malaria from within their borders. Over the past 5 years, APMEN has helped to build the knowledge, tools and 
in-country technical expertise required to attain this goal. At its inaugural meeting in Brisbane in 2009, Plasmodium 
vivax infections were identified across the region as a common threat to this ambitious programme; the APMEN Vivax 
Working Group was established to tackle specifically this issue. The Working Group developed a four-stage strategy 
to identify knowledge gaps, build regional consensus on shared priorities, generate evidence and change practice to 
optimize malaria elimination activities. This case study describes the issues faced and the solutions found in develop-
ing this robust strategic partnership between national programmes and research partners within the Working Group. 
The success of the approach adopted by the group may facilitate similar applications in other regions seeking to 
deploy evidence-based policy and practice.
Keywords: Malaria, Plasmodium vivax, APMEN, Asia-Pacific, Elimination
© 2015 World Health Organization; licensee BioMed Central.  This is an open access article distributed under the terms of the 
Creative Commons Attribution IGO License (http://creativecommons.org/licenses/by/3.0/igo/legalcode), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original work is properly cited. In any reproduction of 
this article there should not be any suggestion that WHO or this article endorse any specific organization or products. The use of 
the WHO logo is not permitted. This notice should be preserved along with the article’s original URL.
Background
The importance of Plasmodium vivax in elimination
Once regarded as a relatively benign infection, Plasmo-
dium vivax is now acknowledged to be an important 
public health threat, capable of causing life-threatening 
disease complications, debilitating recurrent infections, 
miscarriage and chronic infections [1–6]. The increas-
ing sensitivity of diagnostic tools [7] has significantly 
improved the understanding of current P. vivax epidemi-
ology and it has become apparent that the true burden of 
vivax malaria infections is significantly higher than pre-
viously assumed [8]. Furthermore, although major gains 
have been made in the reduction of malaria over the last 
decade [9], in almost all co-endemic regions these suc-
cesses are far greater for Plasmodium falciparum than 
for P. vivax. Compared with P. falciparum, P. vivax exhib-
its far more extensive genetic diversity [10–13] and has 
numerous adaptive biological mechanisms, such as the 
ability to develop dormant liver stages (hypnozoites) 
and the emergence of transmissible blood stages (game-
tocytes) before clinical symptoms [14]. These properties 
afford the parasite a variety of strategies to adapt to envi-
ronmental challenges, including those imposed by inten-
sive malaria control activities.
The adaptability of P. vivax makes it difficult to con-
tain and highly prone to resurgence especially when con-
trol efforts cannot be sustained [15]. Hence, treating all 
stages of the parasite (radical cure) is a critical strategy 
for the successful control and ultimate elimination of P. 
vivax. Radical cure of P. vivax requires clearance of blood 
stage parasites as well as the hypnozoites, which result in 
relapse and re-establishment of a blood stage infection. 
Chloroquine has remained the preferred treatment for 
P. vivax blood stage infections in most endemic coun-
tries, however this policy is under threat from emerg-
ing drug resistant P. vivax strains [16]. The only current 
widely available drug with activity against hypnozoites is 
the 8-aminoquinoline compound, primaquine. Unfortu-
nately, individuals who have a genetic deficiency in the 
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enzyme glucose-6-phosphate dehydrogenase (G6PD) are 
at risk of severe haemolysis when treated with the drug 
[17]. In addition, primaquine requires prolonged daily 
administration over seven to 14  days. The complexities 
of prescribing reliable, safe and effective radical cure of 
P. vivax highlights the urgent need for innovative new 
approaches to assure schizonticidal and hypnozoiticidal 
treatment; without both activities, P. vivax elimination is 
unnecessarily delayed or unlikely in most settings.
APMEN history
The Asia Pacific Malaria Elimination Network (APMEN) 
was established in 2009 to create an innovative, country-
led platform to support malaria elimination in the Asia 
Pacific region [18, 19]. APMEN brings together a wide 
range of stakeholders from across the region to support 
each other to achieve individual country targets and the 
long term collective goal of regional and supra-regional 
malaria elimination [20, 21]. In November 2014 the East 
Asia Summit in Yangon, attended by 18 country repre-
sentatives, collectively committed to the elimination of 
malaria from the Asia Pacific by 2030 [22]. The achieve-
ment of such a milestone will require substantial and 
sustained political and financial commitment, as well 
as the implementation of innovative and broad reach-
ing malaria control strategies. The established APMEN 
Vivax Working Group (VxWG) provides a unique forum 
for the interdisciplinary collaboration necessary to 
achieve this, generating evidence based strategies tar-
geting P. vivax that can be translated rapidly into policy 
and practice [23]. In this article the development, activi-
ties and achievements of the VxWG are reviewed, and its 
goals, strategic processes, governance, and future direc-
tion are presented as a model for collaborative malaria 
engagement.
Establishment of the APMEN Vivax Working Group
The VxWG was established at the inaugural meeting 
of APMEN in 2009. The participants at this meeting 
included 10 National Control Programmes, numerous 
scientific and academic institutions, the World Health 
Organization (WHO), and the Australian Government. 
These founding members unanimously agreed that P. 
vivax posed a considerable challenge to malaria elimina-
tion in the Asia Pacific region, due mainly to the paucity 
of evidence required from which appropriate control 
strategies can be devised and implemented [21]. The 
APMEN VxWG was established with the mandate to 
develop and coordinate an operational research agenda 
to fill this gap [24–26] and to provide the evidence base 
for national and regional policy makers. The greatest 
burden of P. vivax is in infants and pregnant women [5, 
27]. Therefore, the VxWG agenda had direct relevance 
to achieving the Millennium Development Goals 4, 5 
and 6 current at that time. The agenda was also aligned 
with Roll Back Malaria (RBM) Global Malaria Action 
Plan (2010–2015), which encourages support of coun-
tries pursuing elimination through collection and dis-
semination of best-practice approaches, research and 
development for new tools, and provision of funding and 
technical assistance by partners. The recently released 
Global Technical Strategy for Malaria 2016–2030 [28] 
and the Action for Malaria Investment 2016–2030 [29] 
reinforce the continued relevance of the Vivax Working 
Group agenda.
By 2015, the group had grown to include representa-
tives from 18 national malaria control programmes, 
numerous P. vivax research partners, the WHO, as well 
as a variety of consortia and industry representatives.
Membership of the working group
Members are drawn from two main groups: country 
partners with key responsibilities for delivering national 
malaria control activities, and academic and research 
partner institutions. Given the group’s technical focus, 
individuals with specific expertise and responsibilities 
for vivax malaria are nominated to represent either their 
country or institution, and over time the individuals have 
often changed. The primary aim of this collaborative 
interaction is to ensure that the working group conducts 
quality research with sound methodology, relevant to the 
needs of national programmes and regional elimination 
commitments.
The Working Group is supported by a coordinating 
team, including a programme coordinator and three 
part time research scientists. Additional logistical, advo-
cacy and governance support is provided by the APMEN 
secretariat team. The work is funded by the Department 
of Foreign Affairs and Trade—Australian Aid Program 
(DFAT-APP, Australia) with additional support from the 
Bill and Melinda Gates Foundation (BMGF, USA) and 
financial and in-kind contributions from Partner Insti-
tutions and increasingly Country Partners. The Work-
ing Group members are listed in Additional file 1: Table 
S1 and the process of becoming a member is outlined in 
Additional file 2: Table S2.
Approach to research and to influencing policy 
and practice
The Working Group’s activities are geared to address key 
questions defined by the APMEN Country Partners and 
are closely aligned with the recent WHO technical brief 
on vivax malaria [30]. These activities can be directly 
relevant to operational research, but can also include 
more upstream research that will ultimately supply path-
ways to achieve these end goals. The Working Group’s 
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programme responds to the needs of countries as they 
move through the different stages of elimination and is 
responsive to new developments and opportunities. The 
process can be summarized by the following four-phase 
cycle (Fig. 1):
1. The Working Group Identifies key knowledge gaps 
through systematic literature reviews and consulta-
tions with national control programmes and aca-
demic experts.
2. Building consensus, involves setting common agen-
das, developing projects and partnerships to address 
the key knowledge gaps which have been identified. 
Annual workshops, meetings and consultations are a 
critical part of this work.
3. The Evidence required to address the identified 
knowledge gaps is then generated through a coordi-
nated programme funded directly by APMEN or by 
funding partners. The Working Group Coordinat-
ing Team provides technical support in the design, 
conduct and interpretation of small to medium sized 
research projects.
4. The fourth phase is the translation, where appropri-
ate, of evidence into recommendations that influence 
change in policy.
Identifying knowledge gaps
To date, the Working Group has conducted four sys-
tematic reviews. These include a review of the status of 
malaria research activities in member countries [31], the 
evidence on clinical efficacy of primaquine treatment 
options [32], key knowledge gaps for G6PD diagnostics 
[17] and the evidence for defining drug resistance in 
vivax malaria [16]. Key findings of those reviews are pre-
sented in Table 1.
Building consensus
Consensus on research priorities is achieved through 
convened workshops and annual meetings. These forums 
include Working Group partners as well as other experts 
with specific expertise relevant to the themes of research. 
The thematic focus is on country partners needs to facili-
tate conducting locally relevant research. The process of 
common decision-making includes the participation of 
Fig. 1 Cyclical works process of the VxWG. From: Asia Pacific Malaria 
Elimination Network. Targeting vivax malaria in the Asia Pacific 
2009–2014. Brisbane, Australia. Asia Pacific Malaria Elimination Net-
work; October 2014. P 15
Table 1 Key findings from the four APMEN Vivax Working Group literature reviews
Title Main findings
Trends in malaria research in 11 Asian Pacific countries: an analysis  
of peer-reviewed publications over two decades
Between 1990 and 2009, there had been a significant decline in the pro-
portion of malaria-related literature amongst all biomedical publications 
in the Asia-Pacific region [31].
Primaquine radical cure of Plasmodium vivax: a critical review  
of the literature
Treatment with low dose primaquine is not consistently effective in all 
areas. A higher dose of primaquine offers significant benefits in efficacy 
however these doses need to be confirmed in a range of endemic 
settings, and amongst high-risk patients. Multi-site trials are needed to 
assess higher doses of primaquine with a control arm, and careful and 
long-term patient follow up [32].
Review of key knowledge gaps in glucose-6-phosphate dehydrogenase 
deficiency detection with regard to the safe clinical deployment of 
8-aminoquinoline treatment regimens: a workshop report
Improved diagnostics for G6PD deficiency are required to facilitate the 
broader, safe and effective use of primaquine. Current methods are 
impractical in areas with limited resources, and where most malaria 
patients live [17].
Global extent of chloroquine-resistant Plasmodium vivax: a systematic 
review and meta-analysis
Enhanced monitoring and better surveillance tools are needed to assess 
the burden of P. vivax malaria, identify areas of infection and drug resist-
ance, and quantify changes in drug resistance patterns. Up to date infor-
mation is critical to ensure optimal treatment recommendations [16].
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all members and is critical to the success of the group. All 
recommendations of the Working Group are reviewed by 
APMEN Advisory Board [33] before being tabled for for-
mal voting endorsement by the Country Partners either 
at the Annual Business meeting or through electronic 
ballot. The board consists of three country partners and 
two partner institutions with voting rights; non-voting 
members are also present including representatives 
from WHO, the APMEN secretariat and funding bod-
ies. Building consensus through exchange of ideas and 
sharing experience fosters collaboration and ensures that 
planned projects incorporate both innovative research 
approaches and the practical realities of implementation. 
Working within the APMEN structures and voting mech-
anisms ensures the evidence gathered is readily available 
and relevant to National Programmes. To date the net-
work has convened eight workshops to promote dialogue 
and strive for consensus on approaches, methodologies 
and data sharing. Further details can be found in the 
Additional file 3: Table S3.
The process of engagement, collaboration and consen-
sus is demonstrated in its application to parasite surveil-
lance. Several countries in the later stages of elimination 
stressed the need to examine the potential of parasite 
genotyping to inform public policy interventions. In 
response, the first round of research projects funded by 
APMEN supported a large number of projects to geno-
type local P. vivax parasite populations in China, Indone-
sia, Malaysia, Republic of Korea, Sri Lanka and Bhutan. 
Although the projects had merit on their own, they were 
strengthened by the opportunity to compare genotyping 
datasets among the countries as well as within each indi-
vidual study area. These comparisons required a consen-
sus on genotyping methods, including internal standards, 
quality control and an appropriate platform for data shar-
ing and standardized analysis. In response, a P. vivax gen-
otyping workshop was held in 2011 in Sabah, Malaysia, 
to coordinate research activities amongst the Country 
Partners and develop consensus methods for genotyping. 
The partners agreed to use fragment size analyses of a set 
of 9 previously described short tandem repeat markers 
(MS1, MS5, MS8, MS10, MS12, MS16, MS20, pv3.27 and 
msp1F3) and to type a set of “standard” P. vivax samples 
to facilitate standardization of allele calling between dif-
ferent laboratories. A year later a second workshop was 
held in Incheon, Republic of Korea, to facilitate data 
sharing between sites and strengthen local capacity in 
data analysis. The VivaxGEN platform was developed 
to facilitate standardized allele calling and genotyping 
analysis that had been promoted at the Incheon work-
shop. The platform is currently being used as an internal 
resource for collaborating partners. Each partner retains 
ownership of their data including decisions regarding 
data accessibility via the vivaxGEN platform. Develop-
ments are underway to enable external researchers in 
the broader vivax research community to utilize the 
platform.
Generating evidence
The Working Group endeavours to generate relevant 
evidence through the Country Partner Technical Devel-
opment Programme (Additional file  4: Table S4). The 
allocated budget for this is targeted for junior to mid-
level researchers to support research related activities 
and mentor future leaders in the field. Investments have 
been modest; most individual grants were below AUD$ 
50,000 (USD$ 40,000). Between 2010 and 2014, a wide 
range of projects was funded on the three main research 
themes of surveillance, diagnosis, and treatment (Addi-
tional file 5: Table S5, Additional file 6: Table S6).
Surveillance
Parasite surveillance activities range from quantifica-
tion of parasite prevalence to optimizing the detection 
of asymptomatic and sub-patent infections, identifying 
major reservoirs of infection, detecting transmission hot-
spots and developing robust and informative approaches 
to P. vivax genotyping. Host surveillance focuses pri-
marily on defining the prevalence of G6PD deficiency 
and variant types in individuals likely to be exposed to 
primaquine for radical cure in order to define the risk 
of drug-induced haemolysis during intensive control 
activities.
The parasite molecular surveillance programme has 
generated vigorous debate on the value of molecu-
lar approaches in informing malaria control activities. 
Whilst several countries in the earlier stages of malaria 
elimination envisage limited practical benefit of parasite 
genotyping, countries in the later stages are strongly in 
favour. Defining the parasite population genetic structure 
has potential to inform on transmission intensity [34, 35], 
geographical origin of infection (i.e. whether an infec-
tion was local or imported) [36, 37], and rapidly emerg-
ing clonal expansions associated with outbreaks [38–41]. 
Intensive research is underway to define molecular mark-
ers of P. vivax drug resistance to identify the emergence 
of drug resistant parasites [42] and prioritize sites for 
anti-malarial clinical trials. The outputs from the surveil-
lance activities can provide evidence on drug efficacy to 
support review of treatment policies and revision if war-
ranted. Innovations in molecular technologies mean that 
extensive data relevant to NMCPs can now be generated 
from small quantities of capillary blood, at continually 
declining costs.
Individual surveillance projects have limited potential 
to answer regional questions, pooling of multiple datasets 
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is, therefore, important to better understand those. Many 
of the individual surveillance projects contribute to larger 
initiatives such as the Malaria Atlas Project (MAP) [43, 
44], an APMEN partner which is collating global maps of 
malaria epidemiology [45, 46] and distribution of G6PDd 
[47] and variants [48]. MAP is a prime example of data 
sharing within and across national boundaries, with the 
VxWG providing a unique forum for mutual exchange of 
both data and methods, and the evaluation of preliminary 
mapping outputs by programme experts to ensure accu-
racy and programmatic value ahead of public release. 
The VxWG has facilitated a particularly successful col-
laboration with the Indonesian Ministry of Health [49]. 
For P. vivax molecular surveillance, the vivaxGEN plat-
form, hosted by the Eijkman Institute for Molecular Biol-
ogy and Menzies School of Health Research is another 
example of an online environment aimed at facilitating 
data sharing and comparative analysis [50]. In light of the 
challenges of highly mobile human populations, a uni-
fied approach to surveillance in the Asia-Pacific region is 
essential for successful elimination.
APMEN has funded 13 surveillance projects in five 
countries, including cross-sectional and community 
surveys adopting a variety of sampling and processing 
strategies (Additional file 5: Table S5). Table 2 describes 
examples of research outputs within the surveillance 
theme, taking into account the cyclical process of work.
Diagnostics
Several point of care tests (PoCs) are available for malaria 
diagnosis [51, 52]. Older aldolase-based RDTs have low 
sensitivity for P. vivax, but newer pLDH-based RDTs have 
high (averaging 95 %) sensitivity for P. vivax comparable 
to that of HRP2 tests for P. falciparum [51]. However the 
test formats currently in use are not P. vivax-specific [51]. 
Key challenges include the lower parasite densities of P. 
vivax in asymptomatic versus symptomatic patients that 
challenge sensitive diagnosis, and the inability of cur-
rent PoCs to identify hypnozoite carriage [53]. Hence, a 
significant proportion of P. vivax infected individuals go 
undetected and untreated [7]. In order to address this, 
the VxWG has supported the evaluation of available diag-
nostics [54]. Currently PCR assays are being developed to 
quantify sub-patent parasitaemia to identify major res-
ervoirs of infection and focus elimination activities. The 
use of loop-mediated isothermal amplification (LAMP) 
has the potential to provide robust on-site diagnosis of 
parasitaemia in areas of low malaria endemicity, but this 
Table 2 Example of the cyclical work process of the Vivax Working Group (surveillance theme)
Identify knowledge  
gaps
In the first round of the Country Partner Technical Development Programme (CPTDP) undertaken in 2011, 5 of the 11 suc-
cessful grant recipients proposed P. vivax genotyping studies. These studies were funded in China, Indonesia, Malaysia, 
South Korea and Sri Lanka. It was apparent that several of the partners shared similar objectives and challenges in the 
design and interpretation of the proposed studies. The VxWG identified the need for new strategies to monitor the impact 
of interventions on the local parasite population, identify local hotspots of transmission, and detect rapidly emerging/
outbreak strains (identified as the rapid expansion of infections with identical genotypes) early. In addition, several partners 
highlighted the need for molecular tools to confirm imported cases and determine their geographic origin; this cannot 
be addressed without an integrated, multi-country approach. The VxWG coordinating team therefore held a workshop to 
facilitate standardized methodologies.
Build consensus In 2011, a P. vivax genotyping workshop was held in Sabah, Malaysia, to identify the markers that would best address the 
partners’ needs. A consensus panel of 9 short tandem repeat markers (STR) were selected to aid characterization of P. vivax 
within-host and population diversity as this reflects parasite transmission patterns. It was agreed that more information on 
the genome-wide diversity of parasites from different countries would be needed to identify optimal geographic markers. 
Nonetheless, the data generated on the tandem repeat markers would aid a feasibility analysis of the ability to distin-
guish infections from different countries using molecular methods. In 2012, a second P. vivax genotyping workshop was 
convened in Incheon, South Korea, to discuss approaches to facilitate data analysis and data sharing between the country 
partners. The partners agreed to a custom-made web-based platform (http://www.vivaxgen.menzies.edu.au) to facilitate 
these processes.
Gather the evidence To date three of the CPTDP studies have been published. In the low endemic settings of Sabah, Malaysia, P. vivax genotyp-
ing demonstrated large clusters of identical strains emerging in the population [38]. This finding emphasized the critical 
need for parasite molecular surveillance to identify rapidly emerging strains (infections with identical genotype profiles 
at the 9 STRs) which might reflect highly adaptive strains such as drug resistant strains before they spread extensively: 
conventional surveillance methods do not address this challenge. In Central China, using samples collected in 2007–2010, 
low differentiation (frequent gene flow) was observed between parasite populations from Anhui Province, where P. vivax 
remains endemic, and neighbouring Jiangsu Province, where no local cases have been detected since 2012 [24]. This 
finding highlighted the risks of resurgence in highly mobile human populations. In Indonesia, genotyping demonstrated 
higher diversity lower differentiation in P. vivax versus P. falciparum [12], possibly reflecting greater potential for spread in 
P. vivax. The same trend was observed in the Solomon Islands in a study led by researchers at the Australian Army Malaria 
Institute (an APMEN Partner Institute) [10]. This finding further emphasized the adaptive potential of P. vivax and the need 
to maintain diligent surveillance in pre-elimination settings.
Change practice Studies using the consensus markers are currently underway in a further nine countries, including 3 remaining CPTDP stud-
ies in Bhutan, South Korea and Sri Lanka.
Page 6 of 11The Vivax Working Group  Malar J  (2015) 14:484 
approach needs optimization for the detection of P. vivax 
infection [55].
The delivery of 8-aminoquinoline based radical cure 
of P. vivax is limited by the known risk of haemolysis in 
G6PD deficient individuals. The most widely used diag-
nostic assay is the fluorescent blood spot test [56], an 
assay which requires laboratory facilities and extended 
time to perform. Intensive research and development on 
quantitative and qualitative assays is underway to pro-
vide better point of care testing that will facilitate G6PD 
testing across the spectrum of clinical environments [17, 
57–59]. The Working Group is collaborating with inter-
national experts and organizations such as PATH and the 
Foundation for Innovative New Diagnostics (FIND) to 
evaluate field-testing of novel point of care diagnostics. 
APMEN country partners were early evaluators of novel 
G6PD diagnostic tests and generated the evidence to 
inform a WHO evidence review group on G6PD testing 
for P. vivax management [60]. APMEN has funded four 
projects to evaluate rapid diagnostic tests for detection 
of P. vivax and G6PD deficiency [54, 55, 61] (Additional 
file 5: Table S5). Table 3 describes an example from the 
diagnostic theme.
Treatment
The epicentre for drug resistant P. vivax is on the island 
of New Guinea, but evidence for declining chloroquine 
(CQ) efficacy has now been reported from across the 
vivax endemic world [62, 63]. Effective detection of 
drug resistant P. vivax parasites may help to combat 
this threat if timely changes in treatment policy can 
be implemented. Interpretation of the extent of CQ 
resistant P. vivax is challenging [42]. Declining anti-
malarial efficacy manifests in prolonged clearance time 
of blood stage parasites and an increasing risk for late 
recurrent infections. The timing of late recurrences is 
dependent upon the pharmacology of the initial treat-
ment regimen, the degree of drug resistance, and the 
level of host immunity. Plasmodium vivax treatment 
failure is, therefore, confounded not only by reinfec-
tion (in patients remaining within an area of ongo-
ing transmission), but also by relapses, arising from 
later reactivation of the dormant liver stages. Current 
molecular techniques are unable to distinguish reliably 
between these events [64–66]. This has undermined the 
definition and diagnosis of CQ resistance and inhib-
ited enthusiasm for generation of routine surveillance 
data. In the absence of evidence to the contrary, there 
is a tendency to assume that current anti-malarial treat-
ment regimens continue to retain efficacy long after 
declining anti-malarial activity has begun to emerge. 
However, it is vital that the threat of CQ resistant P. 
vivax is acknowledged and greater resources are applied 
for developing standardized, validated and reproducible 
tools for its characterization.
The Working Group is supporting three clinical trials in 
Bhutan, Malaysia, and Vanuatu and the Solomon Islands 
(Additional file 5: Table S5). These trials are undertaken 
in regions with little or no prior experience in the con-
duct of clinical trials, and with limited resources. The 
aim is to build capacity to conduct valid clinical trials and 
apply standardization methodologies for the assessment 
of CQ resistant P. vivax. Table  4 describes an example 
from the treatment theme.
Table 3 Example of the cyclical work process of the Vivax Working Group (diagnostic theme)
Identify knowledge gaps In May 2012 the VxWG convened a workshop in Incheon, Korea to identify key knowledge gaps in the detection of G6PD 
deficiency [17]. The lack of robust evidence for the distribution of G6PD deficiency, and the relationship of G6PD deficiency 
and drug-induced haemolysis was discussed. Without reliable, convenient and sensitive point of care diagnostics, pri-
maquine radical cure is often not prescribed, undermining P. vivax elimination efforts.
Build consensus The group identified 10 key areas that are of highest research priorities, including: the mapping of G6PD deficiency, under-
standing drug induced haemolysis in G6PD deficient individuals, the identification of desirable test characteristics and the 
cost benefit analysis of routine G6PD testing.
Gather the evidence Research projects in Cambodia, the Republic of Korea [54], Indonesia, the Philippines and China are currently being sup-
ported by the VxWG to address the identified research priorities.
One of the hot spots of vivax malaria in Hainan, a province in southern China, is home to a number of ethnic minorities. In 
contrast Jiangsu province located in Central China is mostly inhabited by Han Chinese and has witnessed a great reduc-
tion of vivax malaria over the last decades and the complete elimination of P. falciparum since 1990.
In 2013 the VxWG supported a cross sectional survey in Hainan and Jiangsu provinces to assess the population specific prev-
alence of G6PD deficiency. Participants were recruited among healthy individuals as well as febrile patients attending a 
health care facility. One drop of blood was collected from every participant together with information on the participants’ 
ethnic background. G6PD status was assessed at a reference centre applying a recently modified test assay (WST 8/1 PMS: 
methoxy PMS, Dojindo, Japan) for mass screening. Preliminary analysis indicated significant differences in the prevalence 
of G6PD deficiency between different geographic areas and ethnic groups ranging from close to 0 % to above 10 %.
Change practice The marked differences in G6PD deficiency prevalence among different ethnic groups living in close geographic proximity 
highlights the need for routine G6PD testing as part of the national treatment guidelines for the treatment of vivax malaria. 
The investigators are currently evaluating point of care diagnostics suitable for this task.
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Influencing policy and change practise
The VxWG has become a recognized forum for the intro-
duction and discussion of emerging tools and technology 
in the context of vivax elimination in the region, ensuring 
that the network partners can adopt appropriate innova-
tions and technologies in a timely manner.
The Country Partner Technical Development Pro-
gramme, which provides funding for small scale 
research projects has been a major achievement of the 
Working Group. These projects have been selected to 
address priority knowledge gaps identified by Coun-
try Partners as integral to the success of their malaria 
control programmes. At least as important, the pro-
jects also build vital local capacity that ensures country 
ownership and sustainability of local research activities. 
While some projects contribute to improving techni-
cal capacity and expertise, others directly impact policy 
and practice. One such example is the clinical study in 
Malaysia (Additional file  5: Table S5; Table  4) which 
assessed the efficacy of early parasite clearance of chlo-
roquine, which is the current first line treatment and 
compared it with artesunate–mefloquine. Preliminary 
results show that high levels of chloroquine resistant P. 
vivax are now present in this region, and suggest that 
a change to a unified ACT protocol for all Plasmodium 
species may be warranted. The Malaysian Ministry of 
Health is currently reviewing their treatment guidelines 
for P. vivax.
Others projects have provide preliminary data that will 
help to secure additional funding from outside APMEN. 
For instance the study in Vanuatu (Additional file 5: Table 
S5) in which the investigators have generated pilot data 
for developing and attracting funding for a larger and 
more definitive clinical trial.
Some projects are now being scaled up to nation wide 
interventions. An example of this is a study in Bhutan 
which reviewed the introduction of an electronic surveil-
lance system using mobile phones for disease mapping 
and early diagnosis (Additional file  5: Table S5). Based 
on the performance and user acceptability reported in 
the study the Bhutanese Vector-Borne Disease Control 
Programme incorporated this novel approach into its 
national surveillance system and is rolling it out to all 
areas at risk for malaria.
Challenges of the VxWG
The VxWG has faced a number of significant chal-
lenges. The exchange of research data and methodologies 
requires group cohesion and established relationships 
between the APMEN Country Partners and Partner 
Institutions, this requires time and investment. This pro-
cess was at various times interrupted by turnover of staff 
within the NMCP and new Country Partners or Partner 
Institutions joining the network. Critical elements for 
the success of voluntary working groups are participa-
tion and engagement. Due to conflicting demands within 
both the research Partner Institutions and NMCP (such 
as a dengue outbreak or staff promotion) certain coun-
tries were not as engaged as others and this resulted in 
longer timeframes to gain group consensus.
Cross border movement of people and parasites are a 
major issue in sustaining malaria transmission, hence 
malaria elimination is dependent upon control pro-
grammes working together across international bound-
aries on common research and technical issues. The 
expansion of the network is therefore critical to the suc-
cess of the APMEN mission. Since 2009 APMEN has 
expanded from 10 founding countries to 18, as countries 
Table 4 Example of the cyclical work process of the Vivax Working Group (treatment theme)
Identify knowledge gaps Two literature reviews were conducted on the treatment of P. vivax. The first review addressed the current knowledge 
gaps for the radical cure of P. vivax infection [32]. It revealed that treatment with low dose primaquine is not consistently 
effective in all geographical areas. The review further demonstrated that higher doses of primaquine offer significant 
benefits. However there are few data available and the review therefore concluded that these findings would need to be 
confirmed in a range of endemic settings, and amongst high-risk patients. The second review was conducted to define 
the extent and evidence regarding chloroquine resistant P. vivax [16]. The review suggests that chloroquine resistance has 
been underappreciated, with evidence for reduced susceptibility in many areas where vivax is endemic. It concluded that 
standardized methodologies and the development of novel tools are required for the more precise quantification of drug 
efficacy.
Build consensus In 2011 the VxWG group convened in Jiangsu, China to discuss options for a multicentre trial assessing the efficacy of 
vivax treatment options. During the meeting the methodological challenges of crafting appropriate study designs were 
discussed, but no consensus for a common protocol was reached. Participants did, however, agree to fund 3 pilot studies 
with the aim of generating information that would guide the study design for larger multicentred trials.
Gather the evidence One of the three clinical studies was performed in Sabah, Malaysia to assess efficacy of early parasite clearance of the current 
first line treatment, chloroquine compared with the artemisinin combination therapy (ACT) artesunate–mefloquine. The 
study followed patients up for 1 year to assess efficacy of primaquine in both study arms. Preliminary results show that 
high levels of chloroquine resistant P. vivax are now present in this region, and suggest that a change to a unified ACT 
protocol for all Plasmodium species may be warranted.
Change practice Preliminary data from this study have been presented to the Malaysian Ministry of Health, and are currently under review.
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in the region made gains in controlling malaria and com-
mitted to national or subnational strategies for malaria 
elimination. Many of these new members represent 
malarious countries who contribute significantly to the 
burden of disease in the region such as India and Papua-
New Guinea, who both joined APMEN in 2015.
The Country Partner Technical Development Pro-
gramme was designed to provide the evidence to fill 
identified key knowledge gaps. However, the size of the 
funding as well as the time frame limited the scope of this 
endeavour, the translation of this knowledge into policy 
change and ultimately the impact on disease burden. 
Many country partners required significant assistance 
in increasing research capacity in order to participate in 
tackling the research questions of most importance to 
their programmes.
Finally all of the VxWG goals and indeed its very exist-
ence are dependent upon sustained funding. The uncer-
tainty about future funding from 2016 and beyond has 
made programmatic and strategic planning beyond this 
time point very difficult.
Discussion
Over the last 5 years the APMEN VxWG has established 
itself as a unique forum for national malaria control pro-
gramme managers, researchers and collaborative part-
ners to exchange ideas and discuss regionally relevant 
issues and develop innovative approaches that can be 
applied to vivax specific challenges. To the authors 
knowledge there is no other forum with a comparable 
ability to unite such diverse stakeholders working on P. 
vivax. Throughout the last few years substantial progress 
has been achieved in building relationships and trust 
within the members of the group, which are the foun-
dation for the success of the programme. APMEN and 
its Working Group are now recognized as providing an 
important complementary role to the Asia Pacific Lead-
ers Malaria Alliance (APLMA), WHO and other regional 
consortia working together towards the goal of malaria 
elimination. Evidence for optimizing malaria control 
activities is provided traditionally by research groups 
and institutions, but these are not necessarily focussed 
on the local public health priorities. Lack of communi-
cation between researchers and national malaria control 
programme officers can be a major obstacle to ensuring 
the translation of evidence into practice [67]. The diverse 
membership of the VxWG fosters open dialogue and the 
benefits offered and gained by each of the partners are 
considerable. The NMCPs can express and articulate 
the questions they need answered to effectively com-
bat malaria and encourage the research community to 
address these. Researchers can assist NMCPs in conduct-
ing and analysing well-designed research and in return 
gain insights into programmatic priorities and align 
their own research agendas accordingly. In addition, the 
Working Group provides a platform for other consortia 
such as MAP, the World Wide Antimalarial Resistance 
Network (WWARN) and public private partnerships 
such as FIND, Medicines for Malaria Venture (MMV) 
and PATH to receive feedback on product development, 
revision of target product profiles and calls for data shar-
ing for regional and global mapping.
The malaria elimination goal in the region is set for 
2030. Political commitment is now being provided 
through the APLMA, a high level advocacy platform 
aimed at accelerating political commitment to achieve 
malaria elimination in the region. It is vital that such high 
level commitment is accompanied by innovative ideas 
and feasible local solutions that can be implemented on 
the ground. APMEN is in a prime position to bridge this 
gap. The structure and the approach of the VxWG pro-
vides a model to apply similar approaches to the broader 
agenda on malaria elimination and ultimately these 
could be extended to other diseases of public health 
importance.
Authors’ contributions
All authors are members of the VxWG group and have contributed to the 
groups work. RP, KT, BL, KM have written the first draft of the manuscript. All 
authors read and approved the final manuscript.
Authors’ details
The members of the APMEN VxWG group are the authors of this paper (in 
alphabetical order): Nicholas M Anstey, Global and Tropical Health Division, 
Menzies School of Health Research and Charles Darwin University, Darwin, 
NT, Australia (Nicholas.Anstey@menzies.edu.au): Sarah Auburn, Global and 
Tropical Health Division, Menzies School of Health Research and Charles 
Darwin University, Darwin, NT, Australia (sarah.auburn@menzies.edu.au); J 
Kevin Baird, Eijkman-Oxford Clinical Research Unit, Jakarta, Indonesia and 
Centre for Tropical Medicine, Nuffield Department of Clinical Medicine, Uni-
versity of Oxford, Oxford, UK (kevin.baird@ndm.ox.ac.uk); Katherine E Battle, 
Spatial Ecology and Epidemiology Group, Department of Zoology, University 
of Oxford, Oxford, UK (katherine.battle@zoo.ox.ac.uk); Albino Bobogare, 
National Vector Borne Disease Control Programme, Ministry of Health and 
Medical Services, Solomon Islands (Albino.Bobogare@simtri.gov.sb); Arna 
Chancellor, The University of Queensland, School of Public Health, Brisbane, 
Australia (a.chancellor@uq.edu.au); Sanchai Chasombat, Bureau of Vector 
Borne Disease, Department of Disease Control, Ministry of Public Health, Thai-
land (drsanchai@gmail.com); Qin Cheng, Australian Army Malaria Institute, 
Enoggera QLD, Australia (Qin.Cheng@defence.gov.au); Gonzalo J Domingo, 
Additional files
Additional file 1: Table S1. Vivax Working Group Members.
Additional file 2: Table S2. APMEN Country Partner Membership.
Additional file 3: Table S3. Overview of workshops within the APMEN 
Vivax Working Group.
Additional file 4: Table S4. Mechanisms of the Country Partner Techni-
cal Development Programme.
Additional file 5: Table S5. APMEN VxWG Research grants.
Additional file 6: Table S6. List of Publications.
Page 9 of 11The Vivax Working Group  Malar J  (2015) 14:484 
Diagnostics Program, PATH, USA (gdomingo@path.org); Christopher J 
Drakeley, Department of Immunology and Infection, Faculty of Infectious 
and Tropical Diseases, London School of Hygiene and Tropical Medicine, Lon-
don, UK (Chris.Drakeley@lshtm.ac.uk); Tobgyel Drukpa, Vector Borne Disease 
Sector, Disease Control Programme, Department of Public Health, Ministry 
of Health, Bhutan (dtobgyel@gmail.com); Lek Dysoley, National Center for 
Parasitology Entomology and Malaria Control, Phnom Penh, Cambodia and 
School of Public Health, National Institute of Public Health, Phnom Penh, Cam-
bodia (soleycnm@gmail.com); Fe Esperanza Espino, Research Institute or 
Tropical Medicine, Department of Health, Manila, Philippines (fe.espino2012@
gmail.com); Peter W Gething, Spatial Ecology and Epidemiology Group, 
Department of Zoology, University of Oxford, Oxford, UK (peter.gething@zoo.
ox.ac.uk); Prakash Ghimire, Tribhuvan University, Kathmandu, Nepal and 
National Malaria Program and Vector Borne Disease Research and Train-
ing Centre, Nepal and World Health Organization, Country office for Nepal, 
Kathmandu, Nepal (prakashghimire@hotmail.com); Roly D Gosling, Global 
Health Sciences, University of California, San Francisco, San Francisco, CA, USA 
(Roly.Gosling@ucsf.edu); Penny Grewal-Daumerie, Medicines for Malaria 
Venture, Geneva, Switzerland (grewalp@mmv.org); Simon I Hay, Wellcome 
Trust Centre for Human Genetics, University of Oxford, Oxford, UK and Institute 
for Health Metrics and Evaluation, University of Washington, Seattle, WA, USA 
and Fogarty International Center, National Institutes of Health, Bethesda, MD, 
USA (sihay@uw.edu); Rosalind E Howes, Spatial Ecology and Epidemiology 
Group, Department of Zoology, University of Oxford, Oxford, UK and Center for 
Global Health and Diseases, Case Western Reserve University, Cleveland, Ohio, 
USA (rosalind.howes@zoo.ox.ac.uk); Jimee Hwang, President’s Malaria Initia-
tive, Malaria Branch, Centers for Disease Control and Prevention, Atlanta, GA, 
USA and Global Health Group, University of California San Francisco, San Fran-
cisco, CA, USA (Jimee.Hwang@ucsf.edu); Jahirul Karim, Directorate General 
of Health Services, Dhaka, Bangladesh (jahirulkarim@gmail.com); Wasif Ali 
Khan, Centre for Vaccine Sciences, International Centre for Diarrhoeal Diseases 
Research, Bangladesh (icddr,b), Dhaka, Bangladesh (wakhan@icddrb.org); 
Jung-Yeon Kim, Division of Malaria And Parasitic Diseases, Korea NIH, Korea 
CDC, ROK (creative-kim@daum.net); Benedikt Ley, Global and Tropical Health 
Division, Menzies School of Health Research and Charles Darwin University, 
Darwin, NT, Australia (benedikt.ley@menzies.edu.au); Kylie Mannion, Global 
and Tropical Health Division, Menzies School of Health Research and Charles 
Darwin University, Darwin, NT, Australia (kylie.mannion@menzies.edu.au); 
James McCarthy, QIMR Berghofer Medical Research Institute, Herston, QLD, 
Australia and Australia School of Medicine, University of Queensland, Herston, 
QLD, Australia (James.McCarthy@qimr.edu.au); Wan Ming Keong, Vector 
Borne Disease Sector, Disease Control Division, Ministry of Health, Malaysia 
(wming@moh.gov.my); Ivo Mueller, Walter + Eliza Hall Institute, Population 
Health + Immunity Division, Parkville, VIC, Australia and Barcelona Institute for 
Global Health (ISGLOBAL), Barcelona, Spain (ivomueller@fastmail.fm); Rinzin 
Namgay, Vector Borne Disease Control Programme, Department of Public 
Health, Gelephu, Bhutan (rinzin69@yahoo.com); Ric N Price, Global and Tropi-
cal Health Division, Menzies School of Health Research and Charles Darwin 
University, Darwin, NT, Australia and Centre for Tropical Medicine, Nuffield 
Department of Clinical Medicine, University of Oxford, Oxford, UK (rprice@
menzies.edu.au); Gao Qi, Jiangsu Institute of Parasitic Diseases, Meiyuan,Wuxi, 
Jiangsu, China (gaoqi54@hotmail.com); Marvi Rebueno, Movement Against 
Malaria, Pilipinas Shell Foundation, Inc., Manila, Phillipines (marvi_rebueno@
yahoo.com); John Reeder, Centre for Population Health, Burnet Institute, 
Melbourne, Australia and Department of Epidemiology and Preventative 
Medicine, Monash University, Melbourne, Australia (reederj@who.int); Jack 
Richards, Centre for Biomedical Research, Burnet Institute, Melbourne, Aus-
tralia and Department of Medicine at Royal Melbourne Hospital, University of 
Melbourne, Parkville, Australia and Victorian Infectious Diseases Service, Peter 
Doherty Institute, University of Mebourne, Parkville, Australia (richards@burnet.
edu.au); Jetsumon Sattabongkot-Prachumsri, Mahidol Vivax Research Unit 
(MVRU) Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand 
(jetsumon.pra@mahidol.ac.th); G Dennis Shanks, Australian Army Malaria 
Institute, Enoggera QLD Australia and University of Queensland, School of 
Population Health, Herston QLD, Australia (Dennis.SHANKS@defence.gov.
au); Carol Hopkins Sibley, World Wide Antimalarial Resistance Network 
(WWARN), Oxford, UK and Department of Genome Sciences, University of 
Washington, Seattle, USA (carol.sibley@wwarn.org); Asik Surya, National 
Malaria Control Program, Ministry of Health Republic of Indonesia, Jakarta, 
Indonesia (asiksurya@yahoo.com); George Taleo, Malaria and Other Vector 
Borne Disease Control Program, Ministry of Health, Vanuatu (gtaleo@vanuatu.
gov.vu); Ngo Duc Thang, National Institute of Malariology, Parasitology and 
Entomology, Hanoi, Vietnam (thangnimpevn@yahoo.com); Vonethalom 
Thongpaseuth, Centre of Malariology, Parasitology and Entomology, Depart-
ment of Communicable Disease Control, Vientiane, Lao PDR (t.vonethalom@
gmail.com); Kamala Thriemer, Global and Tropical Health Division, Menzies 
School of Health Research and Charles Darwin University, Darwin, 0810, NT, 
Australia (kamala.ley-thriemer@menzies.edu.au); Hidayat Trimarsanto, 
Eijkman Institute for Molecular Biology, Jakarta, Indonesia (anto@eijkman.
go.id); Lasse S Vestergaard, Regional Office for The Western Pacific, World 
Health Organisation, Manila, Phillipines (vestergaardl@wpro.who.int); Lorenz 
von Seidelein, Mahidol-Oxford Tropical Medicine Research Unit, Mahidol 
University, Bangkok, Thailand (Lorenz@tropmedres.ac); Maxine Whittaker, 
The University of Queensland, School of Public Health, Brisbane, Australia 
(m.whittaker@sph.uq.edu.au).
Acknowledgements
Major funding for the Asia Pacific Malaria Elimination Network (APMEN) Vivax 
Working Group (VxWG) is provided by the Australian Government Depart-
ment of Foreign Affairs and Trade alongside funds received from the Bill and 
Melinda Gates Foundation and the Malaria for Medicine Venture (MMV).
Disclaimer: The findings and conclusions in this report are those of the 
author(s) and do not necessarily represent the official position of the U.S. 
Centers for Disease Control and Prevention. LSV is a staff member of the World 
Health Organization. The author alone is responsible for the views expressed 
in this publication and they do not necessarily represent the decisions, policy 
or views of the World Health Organization.
Competing interests
The authors declare that they have no competing interests.
Received: 25 August 2015   Accepted: 21 October 2015
References
 1. Douglas NM, Pontororing GJ, Lampah DA, Yeo TW, Kenangalem E, Poes-
poprodjo J, et al. Mortality attributable to Plasmodium vivax malaria: a 
clinical audit from Papua, Indonesia. BMC Med. 2014;12:217. doi:10.1186/
s12916-014-0217-z.
 2. Baird JK. Evidence and implications of mortality associated with acute 
Plasmodium vivax malaria. Clin Microbiol Rev. 2013;26:36–57. doi:10.1128/
CMR.00074-12.
 3. Karyana M, Burdarm L, Yeung S, Kenangalem E, Wariker N, Maristela R, 
et al. Malaria morbidity in Papua Indonesia, an area with multidrug resist-
ant Plasmodium vivax and Plasmodium falciparum. Malar J. 2008;7:148. 
doi:10.1186/1475-2875-7-148.
 4. White NJ, Nosten F, Looareesuwan S, Watkins WM, Marsh K, Snow RW, 
et al. Averting a malaria disaster. Lancet. 1999;353:1965–7.
 5. Poespoprodjo JR, Fobia W, Kenangalem E, Lampah DA, Hasanuddin A, 
Warikar N, et al. Vivax malaria: a major cause of morbidity in early infancy. 
Clin Infect Dis. 2009;48:1704–12. doi:10.1086/599041.
 6. Poespoprodjo JR, Fobia W, Kenangalem E, Lampah DA, Warikar N, Seal A, 
et al. Adverse pregnancy outcomes in an area where multidrug-resistant 
Plasmodium vivax and Plasmodium falciparum infections are endemic. 
Clin Infect Dis. 2008;46:1374–81.
 7. Imwong M, Hanchana S, Malleret B, Renia L, Day NP, Dondorp A, et al. 
High throughput ultra-sensitive molecular techniques to quantify 
low density malaria parasitaemias. J Clin Microbiol. 2014;52:3303–9. 
doi:10.1128/JCM.01057-14.
 8. Cheng Q, Cunningham J, Gatton ML. Systematic review of sub-micro-
scopic P. vivax infections: prevalence and determining factors. PLoS Negl 
Trop Dis. 2015;9:e3413. doi:10.1371/journal.pntd.0003413.
 9. WHO. World Malaria Report. World Health Organization. Geneva. 
2014;2014:113.
 10. Gray KA, Dowd S, Bain L, Bobogare A, Wini L, Shanks GD, et al. Population 
genetics of Plasmodium falciparum and Plasmodium vivax and asympto-
matic malaria in Temotu Province, Solomon Islands. Malar J. 2013;12:429. 
doi:10.1186/1475-2875-12-429.
 11. Jennison C, Arnott A, Tessier N, Tavul L, Koepfli C, Felger I, et al. Plasmo-
dium vivax populations are more genetically diverse and less structured 
Page 10 of 11The Vivax Working Group  Malar J  (2015) 14:484 
than sympatric Plasmodium falciparum populations. PLoS Negl Trop Dis. 
2015;9:e0003634. doi:10.1371/journal.pntd.0003634.
 12. Noviyanti R, Coutrier F, Utami RA, Trimarsanto H, Tirta YK, Trianty L, et al. 
Contrasting transmission dynamics of co-endemic Plasmodium vivax and 
P. falciparum: implications for malaria control and elimination. PLoS Negl 
Trop Dis. 2015;9:e0003739. doi:10.1371/journal.pntd.0003739.
 13. Orjuela-Sanchez P, Sa JM, Brandi MC, Rodrigues PT, Bastos MS, Amara-
tunga C, et al. Higher microsatellite diversity in Plasmodium vivax than in 
sympatric Plasmodium falciparum populations in Pursat, Western Cambo-
dia. Exp Parasitol. 2013;134:318–26. doi:10.1016/j.exppara.2013.03.029.
 14. Bousema T, Drakeley C. Epidemiology and infectivity of Plasmodium 
falciparum and Plasmodium vivax gametocytes in relation to malaria con-
trol and elimination. Clin Microbiol Rev. 2011;24:377–410. doi:10.1128/
CMR.00051-10.
 15. Cohen JM, Smith DL, Cotter C, Ward A, Yamey G, Sabot OJ, et al. Malaria 
resurgence: a systematic review and assessment of its causes. Malar J. 
2012;11:122. doi:10.1186/1475-2875-11-122.
 16. Price RN, von Seidlein L, Valecha N, Nosten F, Baird JK, White NJ. Global 
extent of chloroquine-resistant Plasmodium vivax: a systematic review 
and meta-analysis. Lancet Infect Dis. 2014;14:982–91. doi:10.1016/
S1473-3099(14)70855-2.
 17. von Seidlein L, Auburn S, Espino F, Shanks D, Cheng Q, McCarthy J, et al. 
Review of key knowledge gaps in glucose-6-phosphate dehydroge-
nase deficiency detection with regard to the safe clinical deployment 
of 8-aminoquinoline treatment regimens: a workshop report. Malar J. 
2013;12:112. doi:10.1186/1475-2875-12-112.
 18. APMEN. APMEN Asia Pacific Elimination Network. http://apmen.org/. 
Accessed 24/09/2015.
 19. APMEN. APMEN country partners. http://apmen.org/country/. Accessed 
24/09/2015.
 20. APMEN. Evaluation Report: a mixed method approach using internal and 
external evaluation 2009–2013. Brisbane, Australia: Asia Pacific Malaria 
Elimination Network. 2014.
 21. RBM. The Asia Pacific Malaria Elimination Network (APMEN) supporting 
the common goal of a malaria-free Asia Pacific. Progress & impact series, 
11. Geneva, Switzerland: Roll Back Malaria Partnership Secretariat, 2014.
 22. DFAT. Chairman’s Statement of the 9th East Asia Summit. http://dfat.gov.
au/international-relations/regional-architecture/eas/Pages/chairmans-
statement-of-the-9th-east-asia-summit.aspx. Accessed 14/09/2015.
 23. APMEN. Targeting vivax malaria in the Asia Pacific 2009–2014. Brisbane, 
Australia: Asia Pacific Malaria Elimination Network. 2014.
 24. Liu Y, Auburn S, Cao J, Trimarsanto H, Zhou H, Gray KA, et al. Genetic 
diversity and population structure of Plasmodium vivax in Central China. 
Malar J. 2014;13:262. doi:10.1186/1475-2875-13-262.
 25. Goo YK, Ji SY, Shin HI, Moon JH, Cho SH, Lee WJ, et al. First evaluation of 
glucose-6-phosphate dehydrogenase (G6PD) deficiency in vivax malaria 
endemic regions in the Republic of Korea. PLoS One. 2014;9:e97390. 
doi:10.1371/journal.pone.0097390.
 26. Hsiang MS, Abeyasinghe R, Whittaker M, Feachem RG. Malaria elimination 
in Asia-Pacific: an under-told story. Lancet. 2010;375:1586–7. doi:10.1016/
S0140-6736(10)60350-9.
 27. ter Kuile FO, Rogerson SJ. Plasmodium vivax infection during preg-
nancy: an important problem in need of new solutions. Clin Infect Dis. 
2008;46:1382–4. doi:10.1086/586744.
 28. WHO. Malaria: draft global technical strategy: post 2015. World Health 
Organization, Geneva, 2015.
 29. RBM. Action and investment to defeat malaria 2016–2030: for a malaria 
free world. Geneva: World Health Organization; 2015.
 30. WHO. Control and elimination of Plasmodium vivax malaria: a technical 
brief. Geneva: World Health Organization; 2015.
 31. Andersen F, Douglas NM, Bustos D, Galappaththy G, Qi G, Hsiang MS, 
et al. Trends in malaria research in 11 Asian Pacific countries: an analysis 
of peer-reviewed publications over two decades. Malar J. 2011;10:131. 
doi:10.1186/1475-2875-10-131.
 32. John GK, Douglas NM, von Seidlein L, Nosten F, Baird JK, White NJ, et al. 
Primaquine radical cure of Plasmodium vivax: a critical review of the 
literature. Malar J. 2012;11:280. doi:10.1186/1475-2875-11-280.
 33. APMEN. APMEN Advisory Board. http://apmen.org/advisory-board/. 
Accessed 24/09/2015.
 34. Anderson TJ, Haubold B, Williams JT, Estrada-Franco JG, Richardson L, 
Mollinedo R, et al. Microsatellite markers reveal a spectrum of population 
structures in the malaria parasite Plasmodium falciparum. Mol Biol Evol. 
2000;17:1467–82.
 35. Arnott A, Barry AE, Reeder JC. Understanding the population genetics of 
Plasmodium vivax is essential for malaria control and elimination. Malar J. 
2012;11:14. doi:10.1186/1475-2875-11-14.
 36. Preston MD, Campino S, Assefa SA, Echeverry DF, Ocholla H, Amambua-
Ngwa A, et al. A barcode of organellar genome polymorphisms identifies 
the geographic origin of Plasmodium falciparum strains. Nat Commun. 
2014;5:4052. doi:10.1038/ncomms5052.
 37. Rodrigues PT, Alves JM, Santamaria AM, Calzada JE, Xayavong M, Parise 
M, et al. Using mitochondrial genome sequences to track the origin of 
imported Plasmodium vivax infections diagnosed in the United States. 
Am J Trop Med Hyg. 2014;90:1102–8. doi:10.4269/ajtmh.13-0588.
 38. Abdullah NR, Barber BE, William T, Norahmad NA, Satsu UR, Muniandy PK, 
et al. Plasmodium vivax population structure and transmission dynam-
ics in Sabah Malaysia. PLoS One. 2013;8:e82553. doi:10.1371/journal.
pone.0082553.
 39. Daniels R, Chang HH, Sene PD, Park DC, Neafsey DE, Schaffner SF, et al. 
Genetic surveillance detects both clonal and epidemic transmission 
of malaria following enhanced intervention in Senegal. PLoS One. 
2013;8:e60780. doi:10.1371/journal.pone.0060780.
 40. Ferreira MU, Rodrigues PT. Tracking malaria parasites in the eradication 
era. Trends Parasitol. 2014;30:465–6. doi:10.1016/j.pt.2014.08.003.
 41. Obaldia N 3rd, Baro NK, Calzada JE, Santamaria AM, Daniels R, Wong 
W, et al. Clonal Outbreak of Plasmodium falciparum Infection in Eastern 
Panama. J Infect Dis. 2014;211:1087–96. doi:10.1093/infdis/jiu575.
 42. Price RN, Auburn S, Marfurt J, Cheng Q. Phenotypic and genotypic 
characterisation of drug-resistant Plasmodium vivax. Trends Parasitol. 
2012;28:522–9. doi:10.1016/j.pt.2012.08.005.
 43. Hay SI, Snow RW. The malaria atlas project: developing global maps of 
malaria risk. PLoS Med. 2006;3:e473. doi:10.1371/journal.pmed.0030473.
 44. Oxford Uo. The Malaria Atlas Project. http://www.map.ox.ac.uk/. Accessed 
24/09/2015.
 45. Gething PW, Elyazar IR, Moyes CL, Smith DL, Battle KE, Guerra CA, et al. A 
long neglected world malaria map: Plasmodium vivax endemicity in 2010. 
PLoS Negl Trop Dis. 2012;6:e1814. doi:10.1371/journal.pntd.0001814.
 46. Battle KE, Karhunen MS, Bhatt S, Gething PW, Howes RE, Golding N, et al. 
Geographical variation in Plasmodium vivax relapse. Malar J. 2014;13:144. 
doi:10.1186/1475-2875-13-144.
 47. Howes RE, Piel FB, Patil AP, Nyangiri OA, Gething PW, Dewi M, et al. 
G6PD deficiency prevalence and estimates of affected populations in 
malaria endemic countries: a geostatistical model-based map. PLoS Med. 
2012;9:e1001339. doi:10.1371/journal.pmed.1001339.
 48. Howes RE, Dewi M, Piel FB, Monteiro WM, Battle KE, Messina JP, et al. 
Spatial distribution of G6PD deficiency variants across malaria-endemic 
regions. Malar J. 2013;12:418. doi:10.1186/1475-2875-12-418.
 49. Elyazar IR, Gething PW, Patil AP, Rogayah H, Sariwati E, Palupi NW, et al. 
Plasmodium vivax malaria endemicity in Indonesia in 2010. PLoS One. 
2012;7:e37325. doi:10.1371/journal.pone.0037325.
 50. The malERA Consultative Group on Monitoring E, and Surveillance. 
A research agenda for malaria eradication: monitoring, evaluation, 
and surveillance. PLoS Med. 2011;8:e1000400. doi:10.1371/journal.
pmed.1000400.
 51. Abba K, Kirkham AJ, Olliaro PL, Deeks JJ, Donegan S, Garner P, et al. Rapid 
diagnostic tests for diagnosing uncomplicated non-falciparum or Plas-
modium vivax malaria in endemic countries. Cochrane Database Syst Rev. 
2014;12:CD011431. doi:10.1002/14651858.CD011431.
 52. Maltha J, Gillet P, Jacobs J. Malaria rapid diagnostic tests in 
endemic settings. Clin Microbiol Infect Dis. 2013;19:399–407. 
doi:10.1111/1469-0691.12151.
 53. Baird KJ, Maguire JD, Price RN. Diagnosis and treatment of Plas-
modium vivax malaria. Adv Parasitol. 2012;80:203–70. doi:10.1016/
B978-0-12-397900-1.00004-9.
 54. Kim JY, Ji SY, Goo YK, Na BK, Pyo HJ, Lee HN, et al. Comparison of rapid 
diagnostic tests for the detection of Plasmodium vivax malaria in South 
Korea. PLoS One. 2013;8:e64353. doi:10.1371/journal.pone.0064353.
 55. Tao ZY, Zhou HY, Xia H, Xu S, Zhu HW, Culleton RL, et al. Adaptation of a 
visualized loop-mediated isothermal amplification technique for field 
detection of Plasmodium vivax infection. Parasit Vectors. 2011;4:115. 
doi:10.1186/1756-3305-4-115.
Page 11 of 11The Vivax Working Group  Malar J  (2015) 14:484 
 56. Beutler E, Blume KG, Kaplan JC, Lohr GW, Ramot B, Valentine WN. Inter-
national Committee for Standardization in Haematology: recommended 
screening test for glucose-6-phosphate dehydrogenase (G-6-PD) defi-
ciency. Br J Haematol. 1979;43:465–7.
 57. Domingo GJ, Satyagraha AW, Anvikar A, Baird K, Bancone G, Bansil P, 
et al. G6PD testing in support of treatment and elimination of malaria: 
recommendations for evaluation of G6PD tests. Malar J. 2013;12:391. 
doi:10.1186/1475-2875-12-391.
 58. Bancone G, Chu CS, Chowwiwat N, Somsakchaicharoen R, Wilaisrisak 
P, Charunwatthana P, et al. Suitability of capillary blood for quantitative 
assessment of G6PD activity and performances of G6PD point-of-care 
tests. Am J Trop Med Hyg. 2015;. doi:10.4269/ajtmh.14-0696.
 59. LaRue N, Kahn M, Murray M, Leader BT, Bansil P, McGray S, et al. Compari-
son of quantitative and qualitative tests for glucose-6-phosphate dehy-
drogenase deficiency. Am J Trop Med Hyg. 2014;91:854–61. doi:10.4269/
ajtmh.14-0194.
 60. WHO. Point-of Care G6PD testing to suport safe use of primaquine for the 
treatment of vivax malaria. WHO Evidence Review Group meeting report. 
Geneva: World Health Organization; 2014.
 61. Kim S, Nguon C, Guillard B, Duong S, Chy S, Sum S, et al. Performance of 
the CareStart G6PD deficiency screening test, a point-of-care diagnostic 
for primaquine therapy screening. PLoS One. 2011;6:e28357. doi:10.1371/
journal.pone.0028357.
 62. Price RN, Douglas NM, Anstey NM. New developments in Plasmodium 
vivax malaria: severe disease and the rise of chloroquine resistance. Curr 
Opin Infect Dis. 2009;22:430–5.
 63. Douglas NM, Anstey NM, Angus BJ, Nosten F, Price RN. Artemisinin 
combination therapy for vivax malaria. Lancet Infect Dis. 2010;10:405–16. 
doi:10.1016/S1473-3099(10)70079-7.
 64. Chen N, Auliff A, Rieckmann K, Gatton M, Cheng Q. Relapses of Plasmo-
dium vivax infection result from clonal hypnozoites activated at predeter-
mined intervals. J Infect Dis. 2007;195:934–41. doi:10.1086/512242.
 65. Imwong M, Snounou G, Pukrittayakamee S, Tanomsing N, Kim JR, Nandy 
A, et al. Relapses of Plasmodium vivax infection usually result from activa-
tion of heterologous hypnozoites. J Infect Dis. 2007;195:927–33.
 66. Craig AA, Kain KC. Molecular analysis of strains of Plasmodium vivax from 
paired primary and relapse infections. J Infect Dis. 1996;174:373–9.
 67. Shretta R, Omumbo J, Rapuoda B, Snow RW. Using evidence to change 
antimalarial drug policy in Kenya. Trop Med Int Health. 2000;5:755–64.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
